The Flint, Michigan water crisis raised awareness about the dangers of lead-tainted drinking water and the role of the nurse in addressing such a crisis. Although lead exposure is dangerous for all people, research indicates that pregnant and nursing women and their infants are especially vulnerable to prenatal and postnatal lead exposure. This information is of national importance because of the aging infrastructure of American cities and the likelihood of similar problems in other locations. JOGNN, 46, 258-266; 2017. http://dx
Accepted October 2016 I n 2016, the media spotlight on Flint, Michigan revealed an American tragedy that soon could be repeated in other cities across the nation as the crumbling water treatment and filtration systems and aging pipes that comprise the water infrastructure decline. Government hearings are being held to identify the root cause(s) and determine those individuals and agencies responsible for the contamination of the water supply of the nearly 100,000 people who live in the heart of the economically declining Midwestern rust belt. Social economists reported on Flint's demographics and its failing postindustrial economy (with 40% of the population at the poverty level) and proposed solutions to the problems uncovered. Regardless of the results of these hearings, Flint's citizens will continue to be harmed by lead toxicity for decades to come.
The Tragedy in Flint
On April 25, 2014, the residents of the city of Flint, Michigan began to use water from the Flint River to save money by terminating a contract with Detroit to use treated and filtered water from Lake Huron. Complaints about the quality of the water began the next month. A stay-at-home mother of four children was especially vocal about the decline in Flint's water quality and reported to her pediatrician that her children developed skin rashes and experienced hair loss after using Flint River water (Guyette, 2015) . Other Flint residents and business owners also voiced concerns about the water, and after months of requests from citizens, local physicians, nurses, and other health professionals, the U.S. Environmental Protection Agency (EPA) finally tested Flint's water and found dangerously high lead levels that put the health of pregnant women and children at risk for short-and long-term health problems. When an independent expert on clean drinking water tested the water in Flint, he reported a lead level of 13,200 ppb, more than twice the amount at which the EPA classifies water as hazardous waste (Guyette, 2015) .
When high levels of lead were discovered in Flint tap water, a Flint pediatrician and her research team conducted a review of blood lead levels (BLLs) for children younger than 5 years before 2013 and after the 2015 water source change. Incidences of elevated BLLs increased from 2.4% to 4.9% after the water source change, and some neighborhoods had increases in BLLs as high as 6.6% (Hanna-Attisha, LaChance, Sadler, & Champney Schnepp, 2016) . Hanna-Attisha et al. (2016) concluded that the percentage of children with elevated BLLs increased after the water source change, particularly in socioeconomically disadvantaged neighborhoods. Although these researchers were told by state and government officials that their findings were incorrect and that the water was safe, the gravity of the environmental threats ultimately was recognized. On October 16, 2015, the governor of Michigan allowed Flint to switch back to its use of water from Detroit and announced a state of emergency. Shortly thereafter a federal emergency was declared by President Barack Obama.
Currently, bottled water is abundant because of donations from churches, celebrities, professional nursing service organizations such as Chi Eta Phi Sorority, Inc., relief agencies, and local and national charities. However, many childbearing women, teens, and children are being tested for lead toxicity, kidney disease, Legionella, skin conditions, and other health problems associated with exposure to the contaminated water. Unfortunately, because of the nature of lead storage in the body, Flint's residents will face the effects of the water crisis for years to come.
The Dangers of Lead Exposure
Lead is a dangerous toxin. According to the Agency for Toxic Substances & Disease Registry (2007) , the main target for lead toxicity is the nervous system in adults and children. Elevated levels of lead ($10 mg/dl) pose detrimental health effects that include delirium, seizures, stupor, coma, or death. Signs and symptoms of lead toxicity may manifest as hypertension, behavioral changes, decreased concentration, peripheral neuropathy, ataxia, tremor, headache, loss of appetite, weight loss, fatigue, muscle and joint aches, gout nephropathy lead colic, and anemia. In addition, symptoms of chronic low lead levels in adults include cognitive decline, hypertension, cardiovascular effects, decline in renal function, and unfavorable reproductive outcomes. The nervous systems of children and developing fetuses are most susceptible to the damaging effects of this neurotoxin (American College of Obstetricians and Gynecologists, 2012) . For laboratory values and symptoms of acute and chronic lead poisoning, see Table 1 .
Vulnerable Populations
Although the damaging effects of lead exposure are well known, research shows that the way lead is stored in the body makes prenatal and postnatal lead exposure especially dangerous for pregnant women, fetuses, lactating mothers, and nursing infants. Lead exposure during pregnancy and breastfeeding can have lasting adverse maternal and infant health effects that are distinct from exposure during other life stages, including the ability to become pregnant, to maintain a healthy pregnancy, and to have a healthy infant (Centers for Disease Control and Prevention [CDC], 2010) .
Approximately 99% of the lead taken into an adult's body will be excreted in waste within a couple of weeks compared with only about 32% of the lead taken into a child's body (Agency for Toxic Substances & Disease Registry, 2007) . Additionally, childhood lead exposure can later affect women in their childbearing years because lead stored in the bones during prior exposure is mobilized in pregnancy and lactation and can be released into maternal blood and breast milk and adversely affect the fetus and infant (CDC, 2010) . Nicholson and Cleeton (2016) Craft-Blacksheare, M. G. levels of exposure than previously recognized. Risk factors for lead exposure in women who are pregnant or breastfeeding are located in Table 2 .
Prenatal Exposure
According to Weizsaecker (2003) , the absorption of lead occurs primarily in the gastrointestinal and respiratory systems. A significant amount also may be absorbed through the skin. Once ingested, inhaled, or absorbed through the skin, lead is carried in blood plasma bound directly to hemoglobin. Lead's half-life is approximately 1 month in blood and 20 to 30 years in bone. More than 90% of lead is incorporated into the skeleton. Furthermore, conditions that cause bone demineralization, such as pregnancy and lactation, can lead to enhanced lead mobilization from maternal bone. For women who are pregnant or breastfeeding, this can expose the developing fetus to an increased risk of toxicity. There is a strong correlation between maternal lead levels and umbilical cord lead levels because lead can freely cross the placenta. Research findings from the CDC (2010) indicated that lead crosses the placenta by passive diffusion and has been detected in the fetal brain as early as the end of the first trimester. The U.S. Preventive Services Task Force (2006), however, stated that no national organization currently recommends screening all pregnant women for elevated lead levels. Samples of blood lead screening questions for women who are pregnant or breastfeeding are located in Table 3 . Prenatal identification would alert health care providers to appropriate supportive nutritional education and prompt identification and removal of any lead source from the environment. An adequate dietary intake of calcium; iron; zinc; and vitamins C, D, and E is imperative for the management of elevated lead levels during pregnancy (ACOG, 2012) . Assessment and instruction of culturally specific foods and supplements that contain these ingredients is paramount. Additionally, women who are pregnant or breastfeeding with current or past BLLs of 5 mg/dl or higher should consume balanced diets that contains 2,000 mg Table 4 .
Xie and colleagues (2013) examined low-level prenatal lead exposure and its association with birth weight, length, and head circumference. Maternal lead levels and umbilical cord BLLs of 252 mother-infant pairs were measured over a 1-year period. The median maternal lead level was 3.20 mg/dl, and the median umbilical cord BLL 2.52 mg/dl (well below the 10 mg/dl the CDC designates as high). Prenatal low-level lead exposure was associated with decreasing birth weights and lengths. Because of the similarities of the intracellular metabolic pathways of lead and calcium, the researchers concluded that lead could impair normal fetal bone growth by competing with calcium for deposition into bone.
Similarly, in a study of 1,126 women, Hong, Kulkarmi, Lim, Kim, and Ha (2014) found that when pregnant women had adequate dietary calcium intakes the association between lead levels and a reduction in infantile growth at Craft-Blacksheare, M. G.
24 months was not significant. The implication of this study was that stringent lead controls and sufficient calcium intake are necessary to promote children's health.
According to Bijoor, Sudha, and Venkatesh (2012) , the central nervous system of the developing fetus is a principle target for lead toxicity.
In their study with albino Wistar rats the authors compared the neurochemical and neurobehavioral effects of low lead exposure on the developing rat brain. In utero, the experimental group received lead acetate water; the control group received unleaded water. The experimental group showed neurobehavioral abnormalities compared with the control group. Liu et al.'s (2014) Table 2 ). 
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Postnatal Exposure
The benefits of breastfeeding outweigh the risks of any environmental exposure present in breast milk. Women with risk factors for elevated lead levels who were not screened during their pregnancies should be screened in the postpartum period if they intend to breastfeed. Women with (ACOG, 2012) . A summary of public health actions correlated with newborn blood lead levels is given in Table 5 .
Lactation, which causes maternal bone demineralization, can increase the levels of lead in breast milk. In a randomized, double-blind, placebocontrolled trial, Ettinger et al. (2006) evaluated breast milk lead levels and calcium supplementation. Calcium supplementation was found to increase the rate of decline in breast milk lead by 5% to 10% compared with placebo. ACOG (2012) reported that daily 1,200-mg calcium supplementation is associated with lowering lead breast milk levels.
An assessment of the maternal environment identifies potential lead exposure detrimental to infants and young children. Cigarette smoking is typically assessed prenatally; however, just as important, assessments of postnatal smoking and exposure to secondhand smoke (SHS) are warranted. Tobacco smoke contains an abundance of toxic chemicals, including lead. Apostolou et al. (2012) evaluated SHS exposure information obtained from the National Health and Nutrition Examination Survey report from 1994 through 2004. Data were analyzed from 6,830 nonsmoking participants ages 3 through 19 years. BLLs of participants exposed to SHS were found to be 14% to 25% greater than those of children not exposed to SHS. Additionally, Richter, Bishop, Wang, and Kaufman (2013) reviewed National Health and Nutrition Examination Survey data from 1999 through 2008. They evaluated the data using regression models and showed that increases in BLLs caused by SHS are above and beyond exposures found from older homes and occupations related to lead exposure. Data also affirmed that SHS and home lead exposure are more prevalent among low-income families. Richter et al. encourage "public education that informs households about the dangers of lead exposure derived from cigarette smoke" (p. 5). The higher the blood lead level on the screening test, the more urgent the need for confirmatory testing.
c If possible, obtain a maternal blood lead level before birth because blood lead levels tend to increase over the course of pregnancy.
Craft-Blacksheare, M. G.
Lead dust, whether derived from renovation projects, outside soil, occupation, or hobbies, can increase BLLs in children. As part of postpartum discharge, nurses should inquire about exposure, inform family members of potential hazards, discuss appropriate prevention, and refer to public health agencies as appropriate. A simple practice of removing shoes upon entering the house or hanging up work clothes worn in a smelting plant can be beneficial to localize lead dust.
Lead in tap water can be especially dangerous for children. Ngueta, Abdous, Tardif, St-Laurent, and Levallois (2016) asserted that lead in tap water is more bioavailable than lead in food because of its consumption between meals and after fasting conditions (e.g., on waking up). According to the EPA (2016), lead rarely leaks into water from the soil or from industrial sites. Lead-tainted water is usually a result of corroded lead galvanized piping, household plumbing, or lead solder and brass fittings. In 1986 the U.S. Safe Drinking Water Act was amended to prohibit the use of lead solder, flux, and pipes in public water systems (EPA, 2017) . However, if a family lives in a house built before that time, lead piping may exist.
The Reduction of Lead in Drinking Water Act was passed by Congress in 2011 to revise the definition of lead free from 8% to 0.23% in pipes, pipe fittings, and fixtures. Additionally, the EPA's Lead and Copper Rule (EPA, 2017) required administrators of public water systems to take actions to minimize the levels of lead and copper in drinking water. The Lead and Copper Rule stipulates that lead concentrations should not exceed 15 ppb and that copper concentrations should not exceed 1.3 ppm in any more than 10% of water samples collected from customers. In municipalities with fewer than 50,000 residents, anticorrosive materials are added to the water treatment if more than 10% of water samples have lead concentrations greater than 15 ppb. These materials would prevent leaching of lead from plumbing and distribution pipelines. In cities of more than 50,000 residents, anticorrosive materials are automatically added to water treatment centers. However, in rural areas where residents have private drinking wells or in water systems that serve fewer than 25 people, there is no regulation under the Safe Drinking Water Act, and in these municipalities water is not routinely tested for lead.
An assessment of a client's living situation that takes into account the family's water source is an important part of postpartum discharge teaching. Infants who drink formula reconstituted with tap water can be at risk for increased BLLs if the water is unknowingly tainted. In their research of the aging water infrastructure in the United States, Buckley, Gunnion, and Sarni (2016) Calcium supplementation is associated with a 5% to 10% decrease in lead levels in breast milk.
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national prevention strategy to decrease/eliminate lead exposure in drinking water.
Clinical Implications
The Advisory Committee on Childhood Lead Poisoning Prevention of the CDC (2010) recognized the importance of preventing lead exposure rather than responding to elevated BLLs. The committee indicated that primary prevention is crucial because the effect of lead exposure in children is believed to be irreversible. Certified nurse-midwives and maternity nurses should assess all prenatal clients for lead exposure as the primary prevention to deter maternal and infant vulnerability. Nurses can adopt a questionnaire to assess maternal exposure and initiate follow-up screening if applicable (see Tables 3  and 5 ). To not ask these questions is to risk detriment to a developing fetus. Because of the devastating effects of lead, assessment of exposure at the first prenatal meeting and/or during preconception counseling is extremely beneficial as a prevention effort.
Nurses who live in areas with publicly announced problems with lead contamination in water supplies must be prepared to assess their patients' environments and offer health education. Informing women about nutritional support, including adequate consumption of calcium, vitamin C, and iron, is warranted. Additionally, nurses should provide emotional support to allay anxiety. Children from low-income families are disproportionately exposed to lead. A prenatal questionnaire that includes assessment of the home environment would help identify those individuals at risk and determine whether lead blood analysis is warranted. Incorporating lead assessment for prenatal clients as the standard of care would identify those at risk and, if elevated BLLs are verified, prevent further exposure to the developing fetus. Prevention is paramount, and nurses are in the best position to incorporate this important task into practice.
Conclusion
For many decades, commonly recognized sources of toxic lead level exposure have included lead ingested or inhaled from cosmetics, battery casings, ceramic glazes on pottery, hobbies, industries, and lead-based paints used in houses and schools built before 1970. The contamination of the drinking water of 100,000 people residing in the city of Flint raised national awareness of another important source of lead exposure: the aging infrastructure of the water systems in cities across the United States and globally. The harmful short-and long-term effects of elevated BLLs in infants, children, and pregnant adolescents and adult women have been studied extensively and documented in the nursing, midwifery, medical, and public health literature. These adverse effects include spontaneous abortions, low-birth-weight infants, and dysfunction and chronic diseases of the renal, central, and peripheral nervous systems. Researchers showed that lead blood levels of 5 mg/dl or less can cause neurodevelopment deficits in infants and children, including decreased cognitive function, developmental delays, and behavioral problems, and can lead to end-stage renal disease and death (CDC, 2010) .
Nurses, certified nurse-midwives, and other advanced practice nurses play a vital role in the prevention and detection of lead exposure and in the abatement and treatment of elevated blood levels in people across the lifespan-infants, children, adults, and older adults. Exposure and elevated blood levels during pregnancy threaten the health and well-being of women and fetuses. Few major public health problems are solved by a single discipline. Nurses with experience in midwifery and maternal-child, community, and public health should take a leadership role to support the health of the community. Interprofessional teams composed of nurses, obstetricians, pediatricians, primary care physicians, health educators, social workers, and public/ community health workers must collaborate to address the complex, multifaceted issues associated with lead exposure and toxicity, including the social determinants of health; social justice; and moral, ethical, and legal issues. During the Flint water crisis certified nurse-midwives, nurses, nursing students, nursing faculty, and members of nursing service organizations such as the Greater Flint Black Nurses Association and Chi Eta Phi Sorority, Inc., distributed bottled water, infant formula, water filters, and health education materials at private residences, health fairs, churches, and community centers. They also offered lead testing to pregnant women and urged them to drink bottled water and maintain adequate calcium supplementation. Community
Nurses who care for pregnant women should question women about lead exposure and recommend screening when appropriate.
health nurses distributed pamphlets with nutritious recipes and encouraged families to include foods high in calcium, vitamin C, and iron in their diets.
In partnership with the U.S. Public Health Service; the CDC; the U.S. Surgeon General; county and state health departments; the EPA; federally qualified health centers; the Red Cross; free medical clinics; local, state, and national political leaders; and a wide array of other community agencies, the nurses, midwives, nursing faculty, students, and staff from regional colleges and universities also were active participants in events designed to help the community regain health and advocate for social change. Nurses and midwives played key leadership roles in advocating for political and social changes aimed at protection for the residents of Flint from future harm caused by contaminated river water. Such support will need to be continued for decades to come, because this is how long the lead will remain in the skeletons of those affected by this crisis.
